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INTRODUCTION 


The  bowhead  whale,  Balaena  mysticetus  (appendix  A),  which  inhabits  the  Bering, 
Chukchi,  and  Beaufort  Seas,  is  on  the  endangered  species  list.  Bowhead  whales  annually  mi¬ 
grate  from  the  Bering  Sea  in  the  spring  (April,  May,  and  early  June)  north  and  east  into  the 
Beaufort  Sea  and  east  to  the  MacKenzie  Delta-Banks  Island  area  and  the  Amundsen  Gulf  area 
located  in  Canadian  waters.  In  early  or  mid-September,  they  make  a  westerly  return  migra¬ 
tion  from  Canadian  waters  past  Point  Barrow,  and  south  to  the  Bering  Sea. 

These  migrations  take  bowhead  whales  through  areas  currently  under  development  or 
being  assessed  as  potential  sources  of  mineral  and  oil  resources.  There  is  concern  that  re- 
source-related  development  associated  with  such  activities  may  have  an  effect  on  whales 
that  frequent  these  areas. 

In  1979,  the  Bureau  of  Land  Management  (BLM)  funded  the  Naval  Ocean  Systems 
Center  (NOSC)  to  conduct  a  study  to  determine  occurrence,  estimate  population  density, 
observe  behavior,  and  record  vocalization  patterns  of  bowhead  whales  in  the  vicinity  of  the 
proposed  Beaufort  Sea  oil  lease  area.  Using  aerial  survey  methods,  north-south  line  transects 
were  flown  in  and  about  the  oil  lease  area.  This  report  describes  the  study  and  presents  its 
results. 


AERIAL  SURVEY 


METHODS 

Objectives 

To  investigate  the  occurrence,  population  density,  and  behavior  patterns  of  endan¬ 
gered  whales  in  the  vicinity  of  the  Beaufort  Sea  lease  areas. 

Design 

The  following  four  areas  were  selected  for  the  survey: 

1.  Block  #1,  which  includes  the  oil  lease  area. 

2.  Block  #2,  north  of  the  oil  lease  area. 

3.  Block  #3,  east  of  the  oil  lease  area. 

4.  Northwest,  north  of  Harrison  Bay. 

These  areas  are  identified  in  figure  I .  The  major  emphasis  of  the  survey  was  Block 
#1  which  included  the  oil  lease  area.  The  other  areas  were  only  surveyed  when  bad  weather 
precluded  surveying  Block  #1  or  it  had  just  been  surveyed  and  no  whales  had  been  seen. 

The  following  sampling  design  (Leatherwood,  1979)  was  constructed  for  Blocks 
#1,  #2,  #3,  and  Northwest  for  flights  within  these  areas: 

1.  The  area  was  divided  into  six  sections  running  north-south. 

2.  Each  flight  surveyed  one  north-south  transect  within  each  of  the  six  sections  and 
the  necessary  connecting  paths  (generally  east-west)  between  the  north-south  transects. 

3.  The  north-south  transects  were  chosen  within  each  section  by  picking  two  num¬ 
bers  between  1  and  20  from  a  random  numbers  table,  matching  them  to  the  numbered  marks 


BLOCK  #2 


placed  at  the  section’s  top  and  bottom,  then  drawing  the  transect  between  them.  The  same 
procedure  was  followed  for  each  section  within  the  area  to  be  surveyed. 

Figure  1  shows  an  example  random  design. 

Procedures 

Each  survey  flight  began  by  selecting  the  area  to  be  flown.  Special  emphasis  was 
placed  on  Block  #f,  which  includes  the  oil  lease  area,  with  Blocks  #2,  =3,  and  Northwest  of 
Block  #1  being  the  alternate  choices.  Prior  to  each  survey  flight,  the  selected  transect 
positions  (turning  points)  were  programmed  into  the  aircraft’s  navigation  system  which  was 
then  calibrated  at  a  known  location.  Surveys  were  flown  at  altitudes  between  30  and  305  m 
(100  and  1000  ft)  and  averaged  244  m  (800  ft).  The  intention  was  to  maintain  305  ni 
(1000  ft)  of  altitude,  but  flights  varied  according  to  weather  conditions.  Airspeeds  varied 
between  183-201  km/h  (114-125  knots). 

The  observers  and  a  pilot  (who  also  acted  as  an  observer)  were  positioned  so  that  the 
person  who  was  navigator,  main  observer,  and  recorder  was  in  the  copilot’s  seat,  with  the 
other  observers  in  a  left  rear,  right  rear  arrangement.  The  pilot  and  all  observers  were  con¬ 
nected  to  a  common  communication  system  and  each  observer,  except  the  pilot,  was  pro¬ 
vided  with  a  clinometer  and  observation  log. 

For  all  marine  mammals  sighted,  whether  whales,  polar  bears,  or  pinnipeds,  the  fol¬ 
lowing  information  was  recorded  whenever  possible:  species  identification,  position  coor¬ 
dinates,  time,  and  number  in  the  group.  For  whales,  a  clinometer  angle  was  taken  when  the 
sighting  was  abeam  of  the  aircraft.  The  altitude  and  magnetic  heading  of  the  aircraft  along 
with  the  transect  side  where  the  sighting  occurred  were  also  recorded,  along  with  the  heading 
of  the  whales  relative  to  that  of  the  plane  and  the  whales’  behavior. 

On  sightings  of  one  or  more  bowhead  whales,  a  sonobuoy  was  dropped  and  a  re¬ 
cording  was  made  as  the  aircraft  circled  the  area.  In  addition,  on  most  survey  flights  one  or 
two  sonobuoys  were  dropped  at  random  in  areas  where  no  whales  were  sighted  in  an  attempt 
to  check  for  their  possible  presence  acoustically. 

Statistical  tests  designed  to  examine  patterns  of  animal  movement  (Batschelet,  1972) 
were  applied  to  the  initial  headings  of  whales  seen  on  days  where  a  sufficient  sample  was 
collected.  These  included  the  V-test,  to  detect  significant  clustering  around  the  predicted 
westerly  migratory  direction  of  289°  (270°  adjusted  for  the  northwest  slope  of  the  coast¬ 
line),  and  Rao’s  test,  which  detected  significant  swimming  directions  other  than  the  pre¬ 
dicted  289°. 

All  sightings  were  plotted  on  a  chart,  and  the  possible  repeat  sightings  were  checked 
by  calculating  distances  based  on  an  assumed  speed  of  1  nmi/h.  The  time  between  sightings 
and  the  whales’  speed  were  used  to  calculate  the  probable  distance  traveled.  Any  sighting 
that  was  within  range  of  an  earlier  sighting  was  considered  a  resighting  and  was  automatically 
ineligible  for  use  in  the  density  estimate. 

Equipment 

The  aircraft  used  in  this  study  was  a  DeHavilland  Twin  Otter  300,  complete  with  an 
OnTrack  III  navigation  system.  The  OnTrack  III  provided  a  continuous  position  update, 
along  with  distance  from  the  aircraft  position  to  a  transect  point  and  correction  for  the 
aircraft’s  drift  from  the  programmed  course. 


RESULTS 


General 


From  July  through  October  1979,  63  survey  flights  over  Blocks  *1.  -2,  and  ^3 
and  northwest  of  Block  #1,  as  well  as  in  the  vicinity  of  Point  Barrow,  were  completed. 

Fifteen  and  one-half  flights  of  opportunity  were  flown.  They  included  trips  to  Point 
Barrow  for  aircraft  maintenance,  flights  to  Demarcation  Bay,  and  flights  to  areas  of  good 
visibility,  which  were  used  as  alternates  when  the  survey  team  was  fogged  or  iced  out  of 
Block  #1.  The  number  of  flights  per  area  by  month  is  shown  in  table  1.  which  also  lists 
flight  time  per  month;  details  of  all  survey  flights  completed  are  shown  in  appendix  B. 
However,  the  two  flights  made  in  July  are  not  listed  in  appendix  B  because,  for  safety  reasons, 
they  were  not  complete  transects. 

The  locations  and  headings  of  all  bowhead  whale  sightings  are  plotted  in  figure  2. 

A  more  detailed  monthly  breakdown  of  aerial  survey  effort  and  results  follows. 

July 

Two  flights  were  made  during  July,  on  the  10th  and  24th.  Both  originated  from 
Point  Barrow  and  terminated  at  Flaxman  Island,  located  in  the  eastern  edge  of  the  oil  lease 
area.  Block  #1.  Both  flights  were  conducted  in  a  single-engine  aircraft,  were  limited  to  near 
the  shoreline,  and  were  flown  at  altitudes  ranging  from  610  to  1220  m  (2000  to  4000  ft)  for 
safety  reasons.  No  sightings  were  noted  on  either  flight. 

August 

The  August  effort  was  based  at  Point  Barrow  until  the  15th.  During  this  period,  four 
flights  were  made  to  the  lease  area  and  four  surveys  completed.  The  coastline  was  followed 
on  returning  to  Pt.  Barrow  from  the  lease  area  to  look  for  stranded  whales.  No  sightings  or 
strandings  were  observed  on  these  flights  (2-15  August). 

On  15  August  the  survey  team’s  base  of  operations  was  moved  to  Flaxman  Island  on 
the  eastern  edge  of  the  lease  area.  This  move  provided  instant  weather  information  for  the 
area  of  study,  and  allowed  flights  to  be  made  at  a  moment’s  notice.  In  four  sightings,  five 
bowhead  whales  and  one  large  unidentified  whale  were  observed  in  Block  #3,  flights  9  and 
10  (20-21  August  1979),  which  constituted  the  only  whale  sightings  for  the  month.  Detailed 
information  on  the  August  surveys  is  provided  in  appendix  B,  flights  1-1 7. 

September 

In  September,  the  base  of  operation  remained  at  Flaxman  Island  until  the  9th,  then 
at  Bullen  Point  until  1 5  September  when  boat  support  was  withdrawn  because  of  the  expect¬ 
ed  freezeup.  The  aircraft  and  survey  team  then  moved  to  Deadhorse,  at  Prudhoe  Bay,  for  the 
duration  of  the  study.  Fifteen  days  of  fog  and  bad  weather  grounded  the  aircraft  during 
September.  Twenty-six  flights  were  completed  in  September.  The  29  bcwhead  whale  sight¬ 
ings  made  on  these  flights  are  shown  in  table  2.  More  detailed  informs' :on  is  contained  in 
appendix  B,  flights  18-41. 
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ition  represents  an  individual  or  a  multiple  sighting.  Arrows  indicate  general  headings.  Each  sighting  is  detailed  in  appendix  B. 
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No  of  No  of 


Date 

Flight 

Sightings 

Whales 

Area 

7  Sept 

21 

-> 

Block  -3 

18  Sept 

32 

1 

2 

Block  *3 

24  Sept 

37-A 

1 

1 

Block  *3 

24  Sept 

37-B 

10 

35 

Demarcation  Bay 

26  Sept 

39-A 

1 

T 

Block  =1 

26  Sept 

39-B 

14 

40 

Demarcation  Bay 

TOTALS: 

29 

82 

Table  2.  Total  bowhead  whale  sightings  made  in  September  1979. 


October 

In  October,  the  base  of  operation  remained  at  Deadhorse,  Prudhoe  Bay,  until  the 
freezeup  was  complete.  At  the  request  of  the  Bureau  of  Land  Management,  operations  were 
then  transferred  to  Point  Barrow  and  two  complete  north-south  surveys  were  run  north  of 
Point  Barrow. 

From  1  October  through  7  October,  aircraft  support  for  the  surveys  was  withdrawn 
by  the  Naval  Arctic  Research  Laboratory  (NARL)  pending  resolution  of  funding  for  Project 
Whales  as  well  as  a  routine  100-hour  check  on  the  aircraft.  During  this  period,  three  flights 
were  conducted  by  NARL,  with  the  sightings  noted  by  Mr  Lloyd  Zimmerman,  NARL  pilot, 
presented  in  table  3.  These  sightings  are  included  in  figure  2  of  the  fall  overall  sighting  chart. 

All  bowhead  whale  sightings  made  by  the  aerial  survey  crew  after  aircraft  support 
was  again  provided  by  NARL  on  8  October  1979  are  listed  in  table  4.  Details  on  sightings 
made  on  routine  transit  flights  to  and  from  Barrow  are  in  table  5.  Additional  information 
on  survey  flights  and  sightings  can  be  found  in  appendix  B. 

The  beginning  of  peak  fall  migration  apparently  occurred  between  27  September  and 
7  October,  and  migration  past  the  lease  area  apparently  ended  by  17  October,  starting  on 
21  October,  six  flights  over  Block  #1,  one  over  Block  #2,  one  over  Block  #3,  and  one  to  the 
Northwest  of  Block  #1  failed  to  reveal  any  whales  in  these  areas. 

Behavior 

The  first  behavioral  information  was  collected  on  24  September,  when  the  survey 
team  flew  a  line  transect  (flight  37A  and  37B)  40  miles  east  of  Barter  Island.  The  weather 
was  clear  with  unlimited  visibility,  and  the  sea  was  calm.  The  central  area  of  sightings  was 
located  at  69  °55'  54"  N,141  °46'18"  W,  within  an  area  of  approximately  5  square  miles 
near  Demarcation  Bay.  Ten  individual  sighting  positions  were  noted  (flight  37B  and  table 
B6,  appendix  B).  The  number  of  whales  observed  at  each  position  ranged  from  a  maxi¬ 
mum  of  10  in  one  group  down  to  one. 

In  this  area,  whales  were  observed  on  the  surface  almost  at  regular  intervals  and  gave 
the  impression  of  resting  between  dives;  then,  suddenly,  no  whales  would  be  seen  in  any 


Date 

Position 

Sighting 

1  Oct  79 

T3-Ice  Island,  approx  126  nautical 
miles  north  of  Barrow 

Beluga 

6  Oct  79 

70<’23',30”  N  I45°58[30"W 

2  bowheads 

6  Oct  79 

70°12'42"N  143°29'36"W 

2  bowheads 

6  Oct  79 

70°13'06”N  143°44'24"W 

3  bowheads  ( 

large  cow  with 
small  calf;  1 
separate  adult) 


6  Oct  79 

70°  14' 12"  N  143°45'24’ 

'W 

1  bowhead 

6  Oct  79 

70°14'48"  N  143°48'30' 

'W 

1  bowhead 

7  Oct  79 

70°34'24"  N  146°34'18"W 

1  bowhead 

TOTAL  10  bowhead  whales 

Table  3.  The  whale  sighting  positions  given  here  were  provided  by  Mr  Lloyd  Zimmerman. 
They  differ  from  those  in  the  NARL  Interim  Status  Report  of  25  October  1979.  which  were 
given  only  to  the  nearest  minute  of  longitude  and  latitude. 


quadrant  for  several  minutes.  The  average  time  between  sightings  was  8  minutes  for  the  1 .5 
hours  of  observations  in  this  area. 

The  whales’  swimming  behavior  was  slow  and  easy,  and  included  milling  about  or  lying 
stationary.  The  direction  of  headings  appeared  to  be  random  (table  B6,  appendix  B).  There 
was  little  or  no  response  by  the  whales  to  the  aircraft,  even  when  low  altitudes  were  flown  for 
purposes  of  photography  or  sonobuoy  drops. 

Four  sonobuoys  were  dropped  and,  considering  the  number  of  whales  present  in  the 
area,  the  results  of  the  recording  sessions  were  disappointing.  The  vocalizations  were  few  in 
number  and  were  separated  by  several  minutes  each. 

On  26  September,  a  second  flight  (39A  and  39B)  was  made  to  the  same  general  area 
observed  on  24  September.  The  weather  conditions  were  again  clear  and  the  sea  was  calm. 

The  central  area  of  the  sighting  positions  was  69°46'48''N,  141°08'30''W  (figure  3).  Four¬ 
teen  bowhead  sightings  were  noted,  of  which  two  were  considered  repeat  sightings  (flights 
39B  and  39A,  table  B7,  appendix  B).  The  maximum  number  of  whales  seen  at  any  one 
location  was  nine  and  again,  the  headings  appeared  random. 

The  behaviors  observed  were  basically  the  same  as  those  seen  on  24  September,  with 
only  one  difference  noted.  All  the  whales  observed  were  at  the  surface  almost  continuously, 
and  no  dive  periods  were  noted.  Sonobuoys  were  again  dropped  with  the  same  results; 
very  few  vocalizations  were  recorded. 

The  observations  noted  on  these  two  flights  could  indicate  a  possible  feeding  area. 
During  September  and  October,  the  bowhead  whales  did  not  appear  to  be  hurrying  single- 
mindedly  westward  to  finish  their  fall  migration.  Instead,  the  general  impression  received 
about  bowhead  whale  behavior  at  Demarcation  Bay  in  September,  and  throughout  the  survey 
areas  in  October,  was  one  of  whales  tending  to  head  in  all  directions,  rather  than  just  west¬ 
ward.  It  is  possible  that  these  whales  were  pausing  to  feed  or  engage  in  other  behaviors. 


Date 

Flight 

No  of 
Sightings 

No  of 

Whales 

Area 

8  Oct 

42 

(> 

9 

Block  *1 

1  1  Oct 

43 

3 

10 

Block  *  1 

1  1  Oct 

1 

5 

Transect  west  from  Barrow 

1  2  Oct 

1 

1 

Transect  east  from  Barrow 

1  3  Oct 

44 

9 

10 

Block  *1 

14  Oct 

45 

35 

44 

Block  #\ 

1  5  Oct 

4(i 

3 

.> 

Block  #1 

1 5  Oct 

47 

13 

16 

Block  #2 

1 6  Oct 

48 

7 

1  1 

Block  #1 

1 7  Oct 

49 

*> 

T 

Block  P\ 

18  Oct 

51 

1 

1 

Block  #3 

19  Oct 

53 

20 

31 

Northwest  of  Block  §  1 

20  Oct 

54 

1 

1 

Block  § 2 

20  Oct 

54 

1 

1 

Block  f  1 

21  Oct 

3 

3 

Transect  west  to  Barrow 

22  Oct 

1 

3 

Transect  east  from  Barrow 

25  Oct 

1 

1 

Transect  east  from  Barrow 

Totals: 

108 

152 

From  Table  3: 

6 

10 

Grand  Totals: 

1 14 

162 

Table  4.  Total  bowhead  whale  sightings  made  in  October  1979. 
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The  14  October  observation,  with  n=31  individual  headings  in  Block  -1,  showed 
highly  significant  (p  <  0.01)  clustering  around  an  average  easterly  direction  (1 1  l°±95r7 
confidence  limits  of  33°).  The  15  October  observation,  with  n=17  individual  headings  in 
Blocks  #1  and  #2,  showed  a  barely  significant  (p  <  0.10)  trend  toward  clustering.  No  one 
mean  direction  could  be  calculated,  since  the  clustering  occurred  around  several  different 
directions.  Not  until  19  October,  with  n=18  individual  headings,  did  a  significant  (p  <  0.05) 
clustering  around  the  predicted  westerly  migratory  direction  of  289°  occur.  The  calculated 
mean  direction  for  19  October  was  256  ±95%  confidence  limits  of  70°.  The  only  bowhead 
whales  seen  during  October  that  appeared  to  be  purposely  migrating  were  1 1  which  were 
observed  between  Harrison  Bay  and  Point  Barrow  from  11  to  22  October.  They  showed  high¬ 
ly  significant  clustering  (P  <  0.001 )  around  the  predicted  migratory  direction. 

Other  behaviors  seen  in  October  also  contributed  to  the  impression  of  unhurried  travel. 
Seven  bowhead  whales  were  seen  which  were  initially  not  moving  at  the  surface  (table  6). 

The  whale  seen  on  8  October  was  lying  in  the  water  at  a  45°  angle  with  its  rostrum  in  the  air, 
pointing  west. 


Date 

Flight 

No  of 
Sightings 

No  of 
Whales 

Survey 

Area 

8  Oct 

42 

1 

1 

Block  #1 

14  Oct 

45 

2 

4 

Block 

15  Oct 

47 

1 

1 

Block  #2 

17  Oct 

49 

1 

1 

Block  *1 

TOTALS: 

5 

7 

Table  6.  Sightings  of  bowhead  whales  that  were  not  moving. 

On  three  separate  occasions,  distinct  groups  of  bowhead  whales  were  observed  milling 
slowly  around  on  the  surface.  On  1 1  October  (flight  43),  a  loosely  scattered  group  of  at 
least  six  whales  was  seen  about  2.5  nmi  northwest  of  Narwhal  Island,  Block  #1.  They  were 
milling  around  in  all  directions  at  the  surface  and  were  diving  frequently.  At  least  two 
whales  dived  with  their  flukes  thrown  clear  of  the  water,  which  usually  indicates  a  deep  dive, 
even  though  the  water  there  was  shallow,  only  10  fathoms  or  less.  The  water  was  brown,  with 
a  reddish  tinge  and  streaks  of  blue.  It  was  suspected  that  these  whales  were  feeding.  Several 
sonobuoys  were  dropped  and  vocalizations  were  recorded.  On  16  October  (flight  48),  four 
bowhead  whales  were  observed  at  the  surface  and  near  the  edge  of  a  large  open  lead  sur¬ 
rounded  by  solid  but  thin  ice  at  the  east  edge  of  Block  #1.  They  were  very  slowly  milling 
about  on  the  surface.  Individuals  would  occasionally  dive  under  the  ice,  then  pop  back  out, 
slowly  rise  to  the  surface  and  blow,  then  just  as  slowly  and  unhurriedly  sink  down.  The  area 
was  circled  for  1.5  hours  while  recording  vocalizations  from  a  nearby  sonobuoy  which  had 
been  dropped  in  the  same  lead. 

On  the  19  October  flight  53,  two  groups  of  whales,  numbering  five  and  six 
individuals,  were  seen  northwest  of  Block  #1.  Sonobuoys  were  dropped  but  no  vocalizations 
were  recorded.  Also  seen  in  the  same  general  area  were  15  to  20  belugas  ( Delphinapterus 
leucas).  They  were  evenly  spaced  and  were  proceeding  quite  steadily  in  straight,  regular  lines 
on  a  northeasterly  heading  (63°  true).  This  was  the  only  group  of  belugas  seen  in  the  fall. 
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No  cow-calf  pairs  were  seen  in  August  or  September,  but  six  separate  pairs  were  seen 
in  October  (table  7).  These  pairs  constituted  only  S'T  (total).  1 1  rr  (original),  or  T”  (estimated) 
of  all  the  whales  seen.  Four  of  these  sightings  were  of  a  large  whale  closely  accompanied  by  a 
very  much  smaller  whale,  but  the  cow-calf  sighting  of  13  October  1979  (flight  44)  in  Block 
#1 ,  was  different.  A  small  whale,  about  6  to  8  m  (20  to  25  ft)  long,  was  first  seen  swimming 
slowly  at  the  surface,  heading  south.  Four  minutes  later,  a  large  whale  surfaced  near  the 
smaller  one.  None  of  the  cow-calf  pairs  stayed  at  the  surface  for  more  than  1  to  3  minutes 
from  the  initial  sighting. 

Summary 

During  the  1979  fall  survey  (August,  September,  and  October).  134  individual  or 
group  sightings  of  bowhead  whales  were  made.  These  sightings  were  in  an  area  ranging  from 
Point  Barrow  to  Demarcation  Bay  and  primarily  along  the  10-fathom  line.  Of  the  249 
bowhead  whales  sighted,  one  group  of  six  was  inside  the  oil  lease  area  near  Narwhal  Island, 
and  84  were  in  Block  #1.  but  outside  the  oil  lease  area. 

Because  of  the  lack  of  sightings  in  the  lease  area,  all  of  the  sightings  in  Block  *1 
were  used  to  determine  a  density  estimate. 

When  comparing  behaviors  observed  in  the  spring  to  those  of  the  fall,  some  dif¬ 
ferences  were  noted.  In  most  spring  sightings,  the  whales’  reaction  to  the  aircraft  was  im¬ 
mediate  and  most  would  dive.  In  the  fall,  during  September,  most  whales  remained  on  the 
surface,  even  if  the  aircraft  circled  the  sighting  area  for  extended  periods  of  time.  During 
October,  when  the  majority  of  whales  was  sighted,  responses  to  the  aircraft  were  noted,  but 
they  were  not  as  dramatic  as  in  the  spring. 

The  estimated  swimming  speed  of  3  nmi/h  for  the  spring  agrees  with  observations 
by  Braham  et  al  (1978).  The  direction  in  which  the  whales  were  heading  during  the  spring 
was  predictable  and  consistent  with  what  one  would  expect  of  a  migrating  whale. 

In  the  fall,  behavioral  observations  and  statistical  analysis  of  initial  whale  headings 
indicate  that  the  majority  of  bowhead  whales  seen  during  August,  September,  and  October 
were  migrating  in  an  unhurried  manner,  and  groups  were  observed  heading  in  many 
directions,  with  estimated  speeds  of  1.0  knot  or  less,  and  possibly  feeding  along  the  way. 

ACOUSTICS 


OBJECTIVES 

The  purpose  of  this  effort  was  to  record  sounds  produced  by  the  bowhead  whale. 
These  sounds  are  to  be  analyzed  to  determine  the  overall  frequency  content,  in  hopes  that 
they  can  be  used  in  assessing  the  hearing  capabilities  of  the  bowhead  whale  -  on  the 
theory  that  whales  can  hear  the  sounds  they  produce. 

METHODS 

Bowhead  whale  vocalizations  were  recorded  with  two  available  types  of  AN/SSQ-41 A 
(frequency  response  from  10  Hz  to  5  kHz)  and  the  AN/SSQ-57A  (frequency  response  10 
Hz  to  20  kHz)  sonobuoys.  A  sonobuoy  is  a  passive  listening  device  containing  a  hydrophone 
array  and  vhf  transmitter.  When  dropped  from  an  aircraft,  its  descent  is  slowed  by  a  roto- 
chute  or  parachute.  Once  contact  with  the  water  is  made,  a  saltwater-activated  battery 
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energizes  the  unit.  At  this  time,  the  parachute  assembly  is  jettisoned  and  the  hydrophone 
array  is  dropped  to  a  preselected  depth,  either  18  or  92  m  (60  or  300  ft).  The  sounds  picked 
up  by  the  hydrophones  are  amplified,  telemetered  to  the  aircraft  receiver,  and  recorded. 

Vocalizations  were  recorded  with  a  broadband  receiver  (Defence  Electronics  GPR-20) 
coupled  to  a  dual-track  Nagra  IV  SJ  tape  recorder.  Signals  were  monitored  via  headphones 
while  recording  on  one  track,  and  notes  about  behavior  and  the  presence  or  absence  of 
vocalizations  were  made  on  the  second  track. 

On  most  survey  flights,  one  or  two  sonobuoys  were  dropped  at  random  in  areas 
where  no  whales  were  sighted  in  an  attempt  to  check  for  their  possible  presence  acoustically. 

In  August  through  October,  sonobuoys  were  dropped  for  monitoring  and  for  recording 
possible  vocalizations  at  whale  sightings.  Appendix  B  shows  numbers  and  locations  of  drops. 
Drops  were  made  during  survey  flights  to  monitor  for  whale  vocalizations  even  though  no 
sightings  had  occurred,  and  were  generally  made  at  random  on  the  northern  edge  of  the  survey 
track  to  take  advantage  of  the  deeper  water.  Results  were  negative  with  respect  to  whale 
vocalization  on  all  of  the  randomly  placed  sonobuoys. 

Sonobuoys  were  dropped  at  the  majority  of  whale  sighting  positions.  In  the  event  of 
several  sightings  within  a  small  area,  a  centralized  drop  was  attempted.  One  or  more  sono¬ 
buoys  were  used  if  the  positions  of  the  sightings  covered  a  large  area.  This  practice  maximized 
the  chances  of  obtaining  good  recordings.  When  more  than  one  sonobuoy  was  present  in  the 
same  area,  all  the  sonobuoys  were  monitored  and  the  best  sounds  with  respect  to  signal-to- 
noise  ratio  were  recorded.  From  August  through  October,  the  sounds  recorded  were  whale 
vocalizations  and  the  geophysical  sounds  originating  in  or  near  the  lease  area. 

RESULTS 

Sounds  attributed  to  geophysical  exploration  were  recorded  several  times  in  the 
month  of  September,  both  in  the  lease  area  and  also  outside  the  lease  area.  The  recordings 
of  the  geophysical  sounds  made  on  19  and  25  September  are  of  particular  interest  because  of 
the  ranges  at  which  they  were  detected  and  the  association  with  a  whale  sighting.  The  origin 
of  the  geophysical  sounds  was  not  known  in  early  September  and  an  effort  was  made  to  lo¬ 
cate  the  source.  Our  investigation  showed  that  Western  Geophysical  Company  of  America 
has  been  conducting  geophysical  surveys  in  the  lease  area  for  the  past  7  years.  During  these 
surveys,  techniques  are  used  with  a  source  level  of  248  db  (±  10  dB)  re  1  AiPa  at  1  m. 

A  recording  of  the  suspected  oil  exploration  sounds  was  played  back  for  Mr  Jim 
Benton  of  Western  Geophysical  Company  of  America,  which  operates  out  of  Prudhoe  Bay, 
Alaska.  He  confirmed  that  the  12-  to  14-second  duration  of  the  recorded  sounds  was  approx¬ 
imately  the  same  as  that  used  by  his  boats  during  their  surveys.  According  to  his  account, 
the  position  of  the  source  on  19  September  was  at  70°20'00"  N  146°00'00"  W  (  figure  4). 

The  first  sonobuoy  dropped  during  flight  #33,  Block  #1,  was  at  70°38'42'  N  147°06’54"W. 
which  placed  it  30  nautical  miles  from  the  source.  The  second  sonobuoy  was  dropped  in 
Block  #3  at  70°38'06''N,  143°09'48''W,  60  nautical  miles  from  the  source.  These 
recordings  were  analyzed  and  showed  an  overall  frequency  content  of  75  to  1  250  Hz,  with 
the  maximum  energy  at  about  300  Hz.  Figure  5A-B  gives  examples  of  the  sounds  recorded 
on  19  September  at  the  two  locations. 

The  effect  of  range  and  gain  increases  on  recording  can  be  seen  in  the  examples  by 
comparing  the  noise  and  the  high-frequency  component  of  1250  Hz  in  figure  5A  to  the 
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drops  to  the  geophysical  boat  position. 
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Figure  5.  A)  A  geophysical  sound  that  was  recorded  29  nautical  miles  away 
from  the  source,  at  70°38'42"N,  147°06'54''W,  Block  #1  (flight  33, 19  Sep¬ 
tember  1979).  B)  A  geophysical  sound  that  was  recorded  60  nautical  miles 
away  from  the  source  at  70°38'06"N,  143°09'48”W,  Block  #3  (flight  34, 

19  September  1979).  Differences  noted  between  examples  are  the  result  of 
distance  and  recorder  gain  settings. 


noise  and  high-i'requency  component  of  1050  Hz  in  figure  5B.  which  was  recorded  at  a  range 
of  60  nautical  miles. 

The  sighting  of  two  bowhead  whales  at  70°23’06"N.  146°32'30"W  on  26  September, 
flight  #39-A.  deserve  special  attention  with  regard  to  oil  exploration  sounds  and  possible 
bowhead  vocalization.  The  position  of  the  recording  placed  the  two  whales  approximately 
2  miles  north  of  the  lease  area  (Block  #1 ).  When  sighted,  the  animals  were  on  the  surface- 
heading  west.  Their  immediate  reaction  to  the  aircraft  was  to  dive,  and  they  were  not 
sighted  again.  A  sonobuoy  was  dropped  within  the  area  of  sighting  and  a  recording  was  made. 
Two  hours  later,  a  second  flight  (40)  was  made.  On  this  flight,  no  whales  were  sighted  but 
the  positions  of  three  geophysical  survey  boats  were  noted;  one  sonobuoy  was  dropped 
and  a  recording  made.  Figure  6  shows  the  positions  of  the  whales  previously  sighted  and 
the  positions  of  the  geophysical  boats  and  sonobuoy  drop.  Because  of  the  2-hour  difference 
between  flights,  the  distance  between  the  whale  positions  and  the  boats  in  figure  6  is  only 
approximate.  The  recordings  made  on  both  flights  contained  oil  exploration  sounds  similar 
to  those  previously  described. 

The  recording  made  at  the  whale  sighting  position  contained  oil  exploration  sounds 
and  also  some  low-frequency  sounds  that  ranged  from  30  to  130  Hz.  with  the  maximum 
energy  centered  at  60  Hz.  These  sounds  are  shown  in  figure  7;  parts  A  and  B.  respectively, 
show  the  oil  exploration  sounds  with  probable  bowhead  whale  sounds  and  an  isolated 
example  of  the  probable  bowhead  whale  sound. 

SUMMARY 

Thirteen  tapes  considered  to  contain  bowhead  whale  vocalizations  of  a  quality 
suitable  for  analysis  are  listed  in  table  8.  Preliminary  analysis  of  the  sounds  indicates  that 
bowhead  whales  vocalize  at  higher  frequencies  during  the  fall  migration.  In  comparing  the 
spring  sounds  to  those  of  the  fall,  respectively,  the  average  overall  frequency  range  is  30  Hz 
to  2000  Hz  and  30  Hz  to  3500  Hz.  A  detailed  report  on  the  sound  analysis  of  the  bowhead 
whale  for  spring  and  fall  1979  is  now  being  prepared. 

Table  8.  Dates  and  locations  when  recordings  of  probable 


bowhead  whale  vocalizations  were  collected. 

Location  of  recording 

24  Sept 

Tape  1 

Demarcation  Bay 

26  Sept 

Tape  2 

Demarcation  Bay 

26  Sept 

Tape  3 

Demarcation  Bay 

8  Oct 

Tape  4 

Lease  area,  Block  #1 

11  Oct 

Tape  5 

Lease  area,  Block  #1 

13  Oct 

Tape  6 

Lease  area,  Block  #1 

14  Oct 

Tape  7-8-9 

Lease  area,  Block  #1 

15  Oct 

Tape  10 

Lease  area.  Block  #1 

16  Oct 

Tape  11-12 

Lease  area,  Block  #1 

19  Oct 

Tape  13-14 

Lease  area,  Block  #1  and  Northwest 

sources,  whale  sighting,  and  sonohuov  drops. 
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Figure  7.  A)  An  example  showing  both  geophysical  and  probable  bowhead 
whale  sounds.  B)  A  probable  bowhead  whale  sound  shown  in  greater  detail. 
The  sounds  detailed  in  both  A  and  B  were  all  recorded  at  70*23  '06"N,  146° 
32'30”W,  (flight  39-A,  26  September  1979),  approximately  40  nautical  miles 
from  the  source. 


DENSITY  ESTIM  ATION 


METHODS 


One  approach  for  estimating  the  possible  impact  of  oil  production  activities  located 
offshore  of  Alaska's  North  Slope  on  the  bowhead  whale  population  would  be  to  know  the 
proportion  of  the  population  that  occurs  in  or  near  the  lease  area.  Density  estimation  of 
animal  populations  obtained  by  line  transect  methods  can  be  useful  when  the  counting  of 
an  entire  population  is  not  feasible.  Burnham  et  al  ( 1980)  provide  a  comprehensive  discus¬ 
sion  of  applied  and  theoretical  aspects  of  density  estimation  by  means  of  line  transect  data, 
including  a  nonparametric  density  estimator  based  upon  the  Fourier  series  (Crain  et  al.  1978). 
which  is  the  one  used  in  this  report.  Variances  were  calculated  by  using  the  “jackknife" 
technique  ( Burnham  et  al,  1 980)  for  the  variance  of  the  density  of  groups  and  a  formula 
from  Seber  ( 1 973 )  for  the  variance  of  the  density  of  individuals. 

Data  were  collected  by  Hying  line  transects  consisting  of  a  series  of  straight-leg  seg¬ 
ments  and  by  surveying  an  area  on  both  sides  of  the  transect  ( figure  8 ).  One  half  of  the 
strip  width  (w),  from  the  transect  centerline  out  to  either  side,  was  chosen  after  the  data 
were  collected  by  taking  the  perpendicular  distance  of  the  farthest  sighting.  The  clinometer 
angle  and  altitude  were  used  for  calculating  the  perpendicular  distance  front  the  sighting  to 
the  transect  (figure  8).  The  aircraft's  window  design  prevented  a  search  directly  below 
and  the  practical  use  of  any  clinometer  angle  greater  than  70°.  To  compensate,  all  per¬ 
pendicular  distances  and  strip  widths  have  been  adjusted  by  subtracting  a  perpendicular 
distance  from  the  transect's  centerline,  based  on  a  clinometer  angle  of  70“  and  the  aircraft 
altitude  when  a  sighting  occurred.  This  method  assumes  that  no  whales  were  seen  in  front 
of  the  aircraft  in  the  excluded  strip. 


For  density  estimation,  the  necessary  data  for  each  sighting  were:  species  identifi¬ 
cation,  number  of  whales  in  the  sighting,  clinometer  angle,  altitude,  and  whether  the  plane 
was  on  a  straight  line  transect  or  circling  when  the  sighting  occurred.  Additional  sightings 
made  while  the  plane  was  circling  to  collect  acoustic  data  were  not  used  in  a  density  estimate 
because  they  may  not  be  independent  sightings. 


n  f, 


Line  transect  methods  estimate  density  by  using  the  formula,  D  =  ■ 


(0) 


2L 


where  n 


is  the  number  of  sightings,  L  is  the  length  of  the  transect,  and  f^Q\  is  the  evaluation  at  zero 
of  probability  density  function  f(x),  which  describes  the  probability  of  sighting  an  object 
at  a  given  distance  (x)  from  the  transect  line.  To  derive  f(x),  the  observed  perpendicular 
distances  of  the  sightings  are  fitted  to  a  “detection  function,”  g(x). 


follows: 


Assumptions  that  must  be  met  if  the  density  estimate  is  to  be  unbiased  are  as 


-  1.  Whales  directly  on  the  line,  excluding  the  strip  directly  underneath  the  aircraft 
which  cannot  be  seen,  will  never  be  missed;  or,  stated  another  way,  the  detection  function 
at  zero  is  always  equal  to  one. 

2.  Whales  are  fixed  at  the  initial  sighting  position;  they  do  not  move  before  being 
detected,  and  none  is  counted  twice. 

3.  There  are  no  measurement  errors  and  no  rounding  errors;  thus  all  data  for  the 
sighting  are  collected  without  error  or  bias. 

4.  Sightings  are  independent  events. 
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DISTANCE  X  =  (ALTITUDE)  (cotangent  A) 


Figure  8.  A)  Diagram  of  an  aircraft  flying  a  line  transect.  B)  Diagram  showing  the 
trigonometric  relationships  used  to  obtain  the  perpendicular  distance  X  from  clino¬ 
meter  angle  A  and  aircraft’s  altitude. 


Whales  spend  a  large  proportion  of  their  time  underwater  and  can  dive  rapidly;  therefore, 
if  a  whale  is  on  the  transect  but  far  enough  underwater,  it  might  be  missed.  This  fact  would 
bias  the  density  estimate  downwards.  Bowhead  whales  move  very  slowly  relative  to  an 
aircraft  speed  of  120  nmi/h.  so  that  resighting  became  a  possibility  only  when  the  aircraft 
was  circling  an  area  to  collect  acoustic  recordings.  Whenever  the  possibility  of  a  resighting 
existed,  the  sightings  were  plotted  on  a  chart,  each  one  inside  a  circle  based  on  an  assumed 
average  response  speed  of  1  nmi/h  and  the  time  between  sightings.  This  estimated  speed 
was  based  on  a  subjective  impression  of  the  average  of  all  whale  responses  to  the  aircraft  in 
the  fall.  If  the  circles  touched  or  overlapped,  all  sightings  in  those  circles  after  the  initial 
one  were  considered  to  be  possible  repeat  sightings.  When  sightings  for  the  same  transect 
plotted  near  enough  geographically  (usually  within  an  area  of  approximately  2  nmi~)  to  raise 
the  suspicion  that  they  were  part  of  a  group,  they  were  then  treated  as  such  to  retain  inde¬ 
pendence  of  sightings.  If  these  sightings  had  been  made  while  the  aircraft  was  on  transect, 
the  group's  perpendicular  distance  was  determined  by  drawing  and  measuring  a  perpendicular 
line  from  the  visually  obtained  geometric  center  of  the  group  back  to  the  transect. 

RESULTS 

Block  *1  was  the  only  area  with  enough  whale  sighting  data  to  justify  the  calculation 
of  a  tentative  density  estimate.  Only  sightings  made  while  on  transect  were  used  in  the 
density  estimate.  Of  the  64  bowhead  whale  sightings  made  in  October  (table  9).  six  sightings 
(9.4%)  were  judged  to  be  repeat  sightings  and  were  not  used  in  the  density  estimate.  Only 
24  (42%)  of  the  remaining  57  original  whale  sightings  were  made  while  the  aircraft  was  on 
a  transect  and  not  circling  (table  10).  Of  these  24  sightings,  three  in  Block  =1  lacked  per¬ 
pendicular  distances  (table  1 1 )  and  so  could  not  be  used  in  the  Fourier  series  to  obtain 
f(0),  which  resulted  in  only  21  usable  sightings.  These  sightings,  plus  the  Block  *1  sighting 
from  26  September,  brought  the  total  of  usable  sightings  up  to  22. 

The  calculated  density  estimates  of  groups  and  of  individual  whales  are  presented 
in  table  1 2.  along  with  other  associated  statistics  such  as  95%  confidence  limits.  The  Fourier 
series  density  estimator  has  been  proven  robust  with  regard  to  such  sources  of  variability 
as  differing  altitudes,  weather  conditions,  and  observers  (Crain  et  al,  1978).  But  even  the 
best  estimators  are  significantly  affected  by  small  sample  size,  and  for  better  results  a 
minimum  sample  size  of  40  sightings  is  recommended  (Crain  et  al.  1978). 

The  area  of  4519.7  km~,  Block  #1.  for  which  this  density  estimate  was  calculated, 
is  shown  in  figure  9.  The  whale  sightings  used  to  calculate  the  estimate  are  also  plotted 
in  figure  9.  Detailed  information  on  these  sightings  can  be  found  in  the  tables  in  appendix  B; 
only  those  sightings  used  will  have  a  perpendicular  distance  listed  in  a  column  on  the  right 
side.  The  one  sighting  that  lies  just  east  of  Block  #1  (figure  9)  occurred  just  after  going 
back  on  transect,  while  returning  from  a  prolonged  circle  for  acoustic  recording  purposes 
that  had  begun  midway  through  the  last  leg  of  flight  48.  Block  #1. 

This  preliminary,  first-approximation  density  estimate  applies  only  to  the  area  within 
the  heavy  black  line  (figure  9),  and  only  for  the  21-day  time  period  from  27  September  to 
1 7  October  1979.  The  density  estimate  is  assumed  to  represent  a  24-hour  period.  Multi¬ 
plying  the  estimated  density  and  its’  95%  confidence  limit  times  the  total  area  used 
(45 19.7  km^)  gives  an  estimated  835  whales/day,  with  an  estimated  range  of  from  293-1377 
whales/day  (table  13).  The  most  likely  straight-line  route  a  whale  might  use  to  go  through 
the  area  of  Block  #1  is  65  nmi  long.  Since  all  of  the  bowhead  whales  seen  in  fall  1979 
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Figure  9.  The  heavy  black  line  encloses  the  area  of  the  bowhead  whale  sightings  of  26  September  and 
8-17  October  1979  used  in  calculating  the  density  estimate.  The  one  sighting  outside  the  line  and  to  the 
east  was  made  just  after  going  back  on  transect  when  returning  from  a  prolonged  orbit  for  acoustic 
recording.  This  orbit  started  on  the  last  leg  of  flight  48,  Block  #1.  The  dashed  line  represents  the  longest 
and  most  realistic  straight  line  route  that  a  migrating  whale  might  take  through  Block  *1 . 


Sights  Made  Both 


Statistics 

Sightings  Made  Only 
on  Transect  in  Block  =1 

on  Transect  and  While 
Circling  in  Block  =1 

n 

22 

26 

Group  Size  X 

Standard  Deviation  (SD) 

Standard  Error  (SE) 

Coefficient  of  Variation  (%) 

1 .09  whales/group 

0.29 

0.06 

5.7 

2.89  whales/group 
3.99 

0.61 

27.2 

Density  Estimate  of  Groups 

SE 

Coefficient  of  Variation  (%) 

0.169  groups/km2  /day 

0.052 

30.6 

Density  Estimate  of 

Individuals 

SE 

Coefficient  of  Variation  (%) 

0.183  whales/km2 /day 

0.058 

31.2 

Estimated  Whales/Day  (does  not 
include  effect  of  migratory 
speed) 

+  95%  Confidence  Limit  (CL) 

Lower  95%  CL 

Upper  95%  CL 

835  whales/day  in  Block  #1 

542 

293 

1377 

Table  1  2.  Mean  group  size  and  density  estimates  based  upon  the  Fourier  series,  along  with 
associated  95%  confidence  limits  and  population  estimates,  are  presented  for 
sightings  made  only  on  transect.  Mean  group  size  and  associated  statistics  for 
sightings  made  both  on  transect  and  while  circling  are  shown,  although  they 
were  not  used  in  calculating  density  or  population  estimates.  Both  density  and 
population  estimates  are  based  upon  small  sample  sizes  and  are  only  preliminary, 
first  approximation  estimates. 


appeared  to  be  moving  quite  slowly  and  behaving  differently  as  compared  with  those  seen 
in  spring,  the  estimated  total  number  of  whales  migrating  through  the  area  was  calculated 
for  both  different  estimated  migratory  speeds  (ranging  from  0.10  to  1.00  nmidi)  and  dif¬ 
ferent  (maximum  and  minimum)  periods  of  peak  migration  (table  14  and  figure  10). 

These  are  only  a  first  approximation  for  obtaining  an  accurate  estimate  of  whales  migrating 
through  the  area.  In  addition,  table  14  figures  may  be  severely  biased  downwards  if  the 
indication  that  mean  group  size  (table  1 2)  should  be  larger  than  1 .09  whales  is  true. 


Statistics 

n 

Group  Size  X 
SD 
SE 

Coefficient  of  Variation  (%) 

Density  Estimate  of  Groups 
SF. 

Coefficient  of  Variation  (%) 

Density  Estimate  of 
Individuals 
SE 

Coefficient  of  Variation  (%) 

Estimated  Whales/Day 
±95%  CL 
Lower  95%  CL 
Upper  95%  CL 


Sightings  Made  Only 
on  Transect 

22 

1.09  whates/'group 

0.29 

0.06 

5.7 

0.169  groups/km“/day 
0.052 
30.6 

0.185  whales/knr/day 
0.058 
31.2 

835  whales/day  in  Block  =1 
542 
293 
1377 


Table  13.  Mean  group  sizes;  density  estimates  based  upon 
the  Fourier  series,  along  with  associated  95 7c  confidence 
limits  and  population  estimates,  are  presented  for 
sightings  made  only  on  transect. 


SUMMARY 

Although  the  larger  mean  group  size  was  not  used  in  calculating  the  density  estimate 
of  individual  whales  because  it  was  based  primarily  on  sightings  made  off  transect,  it  points 
to  the  clear  possibility  that  bowhead  whales  aggregate  in  loosely  associated  groups  in  the 
fall.  Observations  show  that  the  size  of  these  groups  cannot  be  accurately  assessed  while 
on  transect,  which  suggests  that  a  standard  circling  procedure  that  results  in  analyzable 
data  should  be  designed  and  implemented. 

As  a  result  of  bad  weather  during  the  last  4  days  of  September  and  the  lack  of  an 
aircraft  during  the  first  week  of  October,  the  beginning  date  of  peak  migration  is  not  known 
but  is  estimated  to  be  within  an  1 1-day  period.  Peak  migration  could  have  begun  as  early 
as  27  September  or  as  late  as  7  October  1979,  and  did  continue  until  17  October  1979. 

It  is  hoped  that  a  better  assessment  of  the  timing  of  peak  migration  can  be  obtained  during 
fall  1980. 


Estimated  Total  Whales  for  Peak  Migration, 
Minimum  Migratory  Period  of  1 1  Days 
(7  October  to  17  October  1979) 


Lower  959f 

CL 

Point  Estimate 

Upper  95c? 
CL 

Speed 

nmi/h 

0.10 

120 

342 

565 

0.25 

299 

852 

1405 

0.50 

595 

1695 

2795 

0.75 

894 

2547 

4200 

1.00 

1190 

3390 

5591 

Estimated  Total  Whales  for  Peak  Migration. 
Maximum  Migratory  Period  of  21  Days 
(27  September  to  17  October  1979) 

Lower  955f 

CL 

Point  Estimate 

Upper  95'2 
CL 

Speed 

nmi/h 


0.10 

229 

651 

1074 

0.25 

568 

1620 

2671 

0.50 

1134 

323! 

5329 

0.75 

1705 

4860 

8014 

1.00 

2271 

6471 

10672 

Table  1 4.  The  estimated  total  numbers  of  bowhead  whales  that  migrated  through  Block  f  1 
in  the  fall  of  1979  are  calculated  for  both  the  minimum  and  maximum  possible 
periods  of  peak  migration  by  using  different  assumed  migratory  speeds.  These 
estimates  are  only  preliminary  approximations,  and  were  calculated  specifically 
to  illustrate  the  urgent  need  for  sound  data  about  migratory  speed  and  behavior. 
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Figure  10.  The  total  estimated  number  of  Bowhead  whales,  bounded  by  95%  confidence  limits,  for  both 
the  minimum  and  maximum  possible  period  of  peak  migration,  increases  sharply  with  an  increase  in 
assumed  migratory  speed.  These  estimates  are  only  first  approximations  and  were  calculated  specifically 
to  illustrate  the  urgent  need  for  sound  data  about  migratory  speed  and  behavior. 
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Until  a  comprehensive  tagging  program,  preferably  with  radio  tags,  has  been  conduc¬ 
ted,  the  very  important  question  of  how  fast  whales  are  migrating  through  a  specific  area, 
such  as  Block  *1,  cannot  be  completely  answered.  The  speed  and  consistency  with  which 
a  whale  migrates  in  the  fall  are  important  assumptions  for  first  obtaining  a  density  estimate 
and  then  converting  it  into  an  estimated  number  of  whales  that  migrated  through  an  area. 
Assessing  the  accuracy  of  estimates  of  migrating  whales  is  impossible  until  more  information 
about  migratory  behavior  and  speed  has  been  obtained.  The  precision  of  such  estimates  can 
be  improved  by  use  of  a  larger  sample  size  and  more  exact  knowledge  about  the  time 
period  of  peak  migration,  which  would  allow  more  uniform  sampling  of  peak  migration. 

OVERALL  DISCUSSION 

As  increased  levels  of  oil  exploration  and  oil-related  operations  are  undertaken  in 
areas  which  may  be  in  the  migratory  path  of  the  bowhead  whale  and  other  marine  mammals, 
a  better  understanding  of  the  potential  impact  of  these  operations  is  necessary.  The  study 
of  behavior  patterns,  vocalizations,  main  areas  of  concentrations,  number  of  animals,  and 
possible  feeding  areas  can  be  undertaken  by  means  of  aerial  survey  techniques. 

The  surveys  conducted  in  1979  in  and  about  the  Beaufort  sea  oil  lease  area  defined 
the  timing  of  the  1979  fall  migration.  It  also  gave  us  a  sighting  figure  of  249  bowhead  whales, 
of  which  six  whales  were  inside  the  lease  area,  with  the  majority  north  of  the  lease  area. 

The  number  of  sightings  which  occurred  along  the  10-fathom  line  was  significant  and  it 
should  be  tentatively  considered  as  an  area  of  concentration,  along  with  Demarcation  Bay. 

The  behavior  of  the  whales  observed  at  Demarcation  Bay  and  west  along  the  1 0- 
fathom  line  to  Harrison  Bay  was  different  from  that  of  whales  steadily  migrating  in  a 
predominantly  westward  direction.  On  numerous  occasions,  individuals  and  groups  of 
whales  were  observed  lying  still,  milling,  diving,  and  heading  in  different  directions.  Once 
the  whales  were  past  Harrison  Bay,  their  headings  stabilized  and  became  more  westerly. 

The  use  of  randomly  dropped  sonobuoys  to  detect  accurately  the  presence  of 
bowhead  whales  was  not  successful.  Sounds  recorded  during  these  drops  were  mostly  ring 
seal  or  oil  exploration  sounds. 

Drops  made  in  the  presence  of  fall  whales  were  successful  in  recording  vocalizations 
approximately  50%  of  the  time.  This  rate  is  considerably  higher  than  the  success  rate 
achieved  in  the  spring  of  20%  and  supports  the  contention  that  whales  were  more  vocal 
in  the  fall  than  in  spring. 

The  interpretation  of  the  behaviors  and  relative  speeds  observed  during  the  fall 
surveys  has  a  direct  effect  on  the  density  estimate.  Although  no  significant  westerly  move¬ 
ment  could  be  verified  on  a  daily  basis  in  Block  #1 ,  it  was  necessary  to  assume  a  generally 
westward  heading  for  purposes  of  the  density  estimate.  The  fall  swimming  speeds  were 
estimated  to  be  1.0  knot  or  less,  considerably  slower  than  the  estimated  speeds  during 
spring  (3  knots).  The  main  indicator  of  differences  in  speed  between  the  spring  and  the 
fall  was  the  absence  of  the  whale  “track”  in  the  fall.  Tracks  which  indicate  a  faster-moving 
whale  were  evident  on  most  sightings  in  the  spring.  Of  the  90  sightings  made  in  Block  *1, 

68  were  made  when  circling  the  area  of  the  initial  line  transect  sighting.  From  these  sightings 
a  mean  overall  group  size  of  3.52  whales  was  calculated  for  the  32  groups  seen.  The  groups 
ranged  in  size  from  one  to  2 1  whales. 


The  aerial  surveys  were  conducted  to  estimate  populations  of  migrating  bowhead 
whales  through  Block  *1,  which  includes  the  oil  lease  area.  The  preliminary  density  estimate 
is  based  on  a  series  of  untested  assumptions  (including  an  assumed  swimming  speed  of  1 
knot)  and  22  verified  on-track  sightings.  Overall  analysis  produces  a  population  estimate 
(with  95 7c  confidence  limits)  of  835  whales/day  ±  540  whales/day.  These  figures  should  be 
considered  preliminary  because  of  the  small  sample  size  of  22  sightings  and  the  still  untested 
assumptions  of  whale  migratory  and  speed  behavior. 

CONCLUSIONS 

The  following  tentative  conslusions  are  made  based  on  the  spring,  summer,  and 
fall  1979  study. 

1.  Bowhead  whales  do  not  migrate  through  or  inhabit  the  lease  area  during  the 
spring  migration.  In  the  fall,  the  lease  area  is  icebound  and  it  is  known  that  bowhead 
whales  use  offshore  lead  systems  as  migration  routes. 

2.  No  bowhead  whales  were  seen  in  or  about  the  lease  area  during  the  summer 
(June-July).  In  the  summer,  bowhead  whales  have  generally  completed  the  eastward 
migration  to  the  Banks  Island  area  and  it  is  known  that  a  portion  of  the  population  spends 
the  summer  in  the  Canadian  Beaufort  Sea. 

3.  During  the  fall  migration,  a  total  of  6  bowhead  whales  was  observed  in  the 

lease  area  and  84  bowhead  whales  were  seen  near  the  lease  area.  It  was  noted  that  bowl,  ads 
generally  tend  to  migrate  along  the  10-fathom/20-meter  line  during  the  westward  migra¬ 
tion.  The  significance  of  the  10-fathom/20-meter  line  as  a  migration  route  is  not  known  at 
this  time. 

4.  Bowheads  vocalize  in  a  frequency  band  of  30  Hz  to  2000  Hz  in  the  spring  and 
in  a  frequency  band  of  30  Hz  to  3500  Hz  in  the  fall. 

5.  Bowheads  were  disturbed  by  the  aircraft  in  the  spring  but  not  in  the  fall. 

6.  Bowheads  migrate  at  a  slower  speed  in  the  fall  than  in  the  spring. 

RECOMMENDATIONS 

1.  To  determine  whether  the  whales  seen  near  the  10-fathom  curve  are  the  majority 
of  migrating  whales  in  this  area,  flights  should  be  alternated  inshore  and  offshore  during 
next  season’s  peak  periods  of  migration. 

2.  The  precision  of  the  density  estimate  and  derived  number  of  whales  migrating 
through  Block  #1  should  be  improved  by  placing  more  emphasis  on  line  transect  observa¬ 
tions  and  less  on  acoustic  recordings.  More  accurately  identifying  the  period  of  peak 
migration  within  a  given  year  also  will  help  improve  the  estimate.  A  comprehensive  radio 
tagging  program  is  highly  recommended  as  the  best  way  to  provide  information  on  assump¬ 
tions  (such  as  the  speed  and  consistency  with  which  bowhead  whales  migrate  in  fall), 
which  are  essential  to  estimating  the  number  of  migrating  whales.  Migratory  speed  directly 
affects  the  probability  of  resighting  whales  between  transects,  or  between  survey  days. 

3.  The  observations  made  in  the  area  of  Demarcation  Bay  suggest  the  presence  of 
a  whale  feeding  ground.  These  observations,  when  coupled  with  the  fact  that  stomach 
contents  were  found  in  several  whales  taken  at  Kaktovik  in  the  fall,  indicate  a  feeding  area 
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relatively  close  and  probably  east  of  where  they  were  taken.  Demarcation  Bay  fits  these 
criteria  and  would  be  a  prime  area  for  further  investigations. 

4.  Geophysical  and  other  oil  exploration-related  sounds  should  be  studied  further 
to  determine  whether  they  have  any  interaction  on  the  bowhead  whale  and  other  marine 
mammals  common  to  these  areas. 
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APPENDIX  A 

SHORT  HISTORY  AND  SELECTED  BIBLIOGRAPHY  OF  THE  BOVVHEAD 
WHALE.  Balaena  mysticetus.  DRAWN  LARGELY  FROM  LEATHERWOOD  AND  REEVES 
(1980). 

Bowhead  whales,  Balaena  mysticetus.  Linnaeus,  1  758  (also  referred  to  in  the  litera¬ 
ture  as  Greenland  whale,  arctic  right  whale,  and  great  polar  whale)  are  large  baleen  whales 
found  circumpolar  in  the  Arctic  (Mitchell,  1976).  Five  separate  stocks  are  thought  to 
exist  in  the  Sea  of  Okhotosk;  the  Bering.  Chukchi,  and  Beaufort  Seas;  Baffin  Bay  and  Davis 
Strait  and  their  adjacent  waters;  Hudson  Bay:  and  the  Greenland  and  Barents  Seas.  The 
last-mentioned  stock  is  very  near  extinction.  The  Hudson  Bay  and  Sea  of  Okhotosk  stocks 
may  be  stable  but  at  relict  levels  of  abundance  (100  or  less).  In  Baffin  Bay  and  Davis 
Strait  there  are  at  least  a  few  hundred  left,  and  they  could  be  increasing  slowly.  The  only 
substantial  population  is  that  in  the  Bering,  Chukchi,  and  Beaufort  Seas. 

Commercial  exploitation  of  this  population  began  in  the  Bering,  Chukchi,  and  later 
Beaufort  Seas  during  the  mid-1 800’s.  The  last  reported  voyage  occurred  in  1916  when  the 
steamer  HERMAN  and  the  auxiliary  whaling  schooner  BELVEDERE  sailed  north  in  the 
spring  from  San  Francisco  and  Seattle,  respectively,  returning  that  autumn  with  some  whale 
products.  Some  of  the  Arctic  Alaskan  trading  companies  continued  to  deal  in  whalebone 
for  a  few  more  years  into  the  early  1920s.  But  bowheads  have  been  completely  protected 
from  commercial  whaling  by  the  International  Convention  for  the  Regulation  of  Whaling 
since  1946  and,  subsequently,  by  the  US  Marine  Mammal  Protection  Act  (MMPA)  of  1 Q"7 2 
and  the  US  Endangered  Species  Act  (ESA)  of  1973.  However,  aboriginal  whaling  continues 
at  a  level  which  has  been  increasing  in  recent  years.  This  harvest  is  the  subject  of  much 
debate  and  legal  conflicts  between  eskimosand  individuals  or  institutions  attempting  to 
stop  or  regulate  this  whaling. 

Though  once  much  more  abundant  (perhaps  from  18,000  to  36.000  in  1842)  and 
more  wide-ranging  (with  catches  as  far  southeast  as  the  Pribilof  Islands),  the  estimated  1000 
to  3000  remaining  bowheads  in  the  Western  Arctic  population  apparently  winter  in  the 
southwestern  Bering  Sea  along  and  south  of  the  pack  ice  edge  and  in  polynyas  within  the 
ice. 

In  early  spring,  whales  from  this  population  move  northward  from  the  Bering  Sea, 
passing  St  Lawrence  and  Diomede  Islands,  primarily  on  their  western  sides,  in  three  or  four 
pulses  or  waves  of  abundance.  Most  turn  northeastward  in  the  Chukchi  Sea.  following  the 
most  inshore  leads  or  cracks  in  the  ice,  round  Point  Barrow  in  April,  and  continue  along 
the  leads  to  Banks  Island  and  Prince  Albert  Island.  As  the  ice  recedes  in  summer,  they 
spread  south  and  east,  at  least  into  Amundsen  Gulf.  As  ice  begins  to  re-form  and  advance 
in  the  fall,  they  move  westward  (most  apparently  moving  close  outside  the  10-fathom  line  and/ 
or  along  the  ice  edge),  some  reaching  the  northeast  Soviet  coast  near  Wrangel  Island  before 
yielding  to  the  winter  ice  by  moving  gradually  southward  to  favored  wintering  grounds. 

Although  bowheads  are  migratory,  their  behavior  in  this  regard  seems  to  depend 
entirely  on  ice  formation  and  movement.  Whaling  records  suggest  that  bowheads  are 
segregated  to  some  extent  by  age  and  sex  during  migrations.  All  populations  that  have  been 
studied  winter  near  the  southern  limits  of  pack  ice. 
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This  is  a  slow-moving  whale  (average  maximum  speed  of  3  knots  h  or  less).  It 
reportedly  can  remain  underwater  for  periods  of  over  40  minutes,  but  is  not  regarded 
as  a  deep  diver.  Traveling  bowheads  often  raise  their  flukes  on  the  last  dive  of  a  series. 
Animals  have  been  observed  to  hang  vertically  in  the  water  with  their  heads  exposed,  and 
tail-lobbing  and  flipper-slapping  are  seen  occasionally. 

Bowheads  are  not  gregarious,  and  usually  travel  alone  or  in  small  groups.  Con¬ 
centrations  of  up  to  50  whales  have  been  reported  on  suspected  feeding  grounds. 

The  bowhead’s  life  history  is  poorly  understood.  Females  probably  calve  at 
intervals  of  at  least  2  years,  and  calves  are  reportedly  born  in  the  spring.  Calves  have 
been  seen  in  May  in  the  Bering  Sea  and  in  October  in  the  Beaufort  Sea.  The  percentage  of 
calves  observed  to  date  is  low.  between  1  and  2 7r  of  the  total  population.  Bowheads  feed 
primarily  on  swarms  of  small-  to  medium-sized  zooplankton  euphausiids.  antphipods. 
copepods,  mysids,  and  pteropods  (Lowrey  and  Burns).  While  basically  “skimmers,"  they 
do  forage  very  near  the  bottom,  at  least  in  shallow  areas,  and  have  been  seen  surfacing  at 
the  edge  of  a  mud  boil  of  their  own  making  with  mud  and  detritus  streaming  from  the  mouth. 

The  only  suspected  natural  predator  is  the  killer  whale.  Starvation  from  lack  of 
access  to  feeding  areas  and  suffocation  under  ice  are  other  suspected  natural  causes  of  death. 
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APPENDIX  B 


AERIAL  SURVEY  FLIGHTS  #1  —  65  MADE  DURING  AUGUST.  SEPTEMBER. 
AND  OCTOBER  1979  OVER  THE  BEAUFORT  SEA  ON  THE  NORTH  SLOPE  OF  ALASKA 
IN  SEARCH  OF  BOWHEAD  WHALES. 
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Flight  2,  5  August  1979,  Block  #3.  No  sightings  were  made.  The  northern  survey  edge  was  shrouded 
with  fog.  The  transect  was  shortened  on  the  east  because  of  fog.  Fog  patches  were  pre¬ 
sent  throughout  the  transect.  Visibility  ranged  from  very  good  to  bad.  Water  conditions 
were  open  with  densely  packed  floating  ice  chunks  in  the  northern  half  of  the  survey, 
and  thinly  packed  floating  ice  in  the  southern  half.  Aircraft  altitude  ranged  from  70- 1 000 
ft  (21-305  m). 


49 


o  ~o 

"O  «-» 
n  *a 
P  c  . 

-  O) 

Si  x  c 

O  QJ  l/”j 

s  c  O 

SP  oo  <- 
c  a  £Z 

5  ^  o 

f  18 


Z  c  5 

<u  3: 

•  cx  f 

;o^ 

*  d  2 

®  .§  i 

ffl  V.  „ 

o  c 

oC-15  2 

£■  o  £> 
ON  •« 


<2  «L» 

P3  u- 

.e  cx 


§ 

E 


Flight  5,  16  August  1979,  Block  #3.  One  pinniped  sighting,  which  consisted  of  two  seals,  was  made. 

Weather  conditions  were  mostly  clear  except  for  fog  on  the  northeast  side,  which  short¬ 
ened  the  transect.  The  water  was  open,  with  some  floating  ice  chunks  outside  the  bar¬ 
rier  islands.  Aircraft  altitude  was  700  ft  (213  m). 


PRECEDING  FaGE  Hi«aWK  -  wcr  FI  .u^IlD 


1 


146 


Flight  8-B,  20  August  1979,  Blocks  #1  and  2.  Two  pinnipeds  were  sighted.  This  flight  is  a  north 
extension  of  flight  8-A.  The  transect  was  limited  by  fog  on  the  north  and  east 
edges.  Floating  ice  chunks  were  present  and  aircraft  altitude  was  1000  ft  (305  m). 


Flight  9,  20  August  1979,  Block  #3.  Two  bowheads  and  one  large,  unidentified  whale  were  sighted: 

all  whales  were  at  the  same  location  (table  Bl).  Thin  fog  was  present  at  the  northeast 
corner;  visibility  ranged  from  good  to  poor.  The  water  was  almost  entirely  open,  with 
some  floating  ice  present  at  the  northwest  edge  and  just  north  of  Barter  island.  Aircraft 
altitude  was  1000  ft  (305  m). 
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Flight  11,  25  August  1979,  Blocks  #1  and  2.  No  sightings  were  made.  Thick  to  thin  fog 
throughout  the  survey  caused  considerable  modification  of  the  transect.  The  water 
was  mainly  open,  with  floating  ice  present  beyond  the  barrier  islands.  Aircraft 
altitude  ranged  from  200-1500  ft  (61-457  m). 


>79,  Block  #3.  Two  pinniped  sightings  were  made.  Heavy  fog  present  at 
shortened  the  transect.  Visibility  ranged  from  good  to  bad  The  water  was 
i,  with  floating  ice  chunks.  Aircraft  altitude  ranged  from  500-1000  ft 
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Flight  21,  7  September  1979,  Block  #3.  Two  bowhead  whale  sightings  were  made  for  a  total  of  two 
individuals  (table  B3).  Twenty-seven  pinniped  sightings  were  made  for  a  total  of  62 
individuals.  Four  sonobuoys  were  dropped.  Visibility  was  excellent,  with  clear  skies,  and 
the  water  was  mostly  open.  Aircraft  altitude  ranged  from  1000-1900  ft  (305-597  m). 
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2  September  1979,  Block  #3.  No  sightings  were  made;  one  sonobuoy  was  dropped.  Visi¬ 
bility  was  good,  with  cloudy  skies  and  some  wind.  Strip  ice  was  present  along  the  north¬ 
ern  edge  of  the  barrier  islands.  Aircraft  altitude  ranged  from  900-1300  ft  (274-396  in). 
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Flight  25,  13  September  1979,  Block  #1.  One  polar  bear  sighting  of  four  individuals  was  made.  One  sonobuoy 
was  dropped.  Visibility  was  good,  with  moderate  winds.  Strip  ice  was  present  along  the  northern 
edge  of  the  barrier  islands.  Aircraft  altitude  ranged  from  400-1 100  ft  (122-335  m). 
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Figure  27,  14  September  1979,  Block  #1.  Four  pinniped  sightings,  for  a  total  of  six  individuals,  one  of  which 
was  a  walrus,  were  made.  Visibility  ranged  from  good  to  fair  under  cloudy  skies  with  snow  squalls. 
Strip  ice  was  present  along  the  northern  edge  of  the  barrier  islands.  Aircraft  altitude  ranged  from 
400-1000  ft  (122-305  m). 


Flight  28,  15  September  1979,  Block  #1.  One  polar  bear  sighting  of  two  individuals  was  made.  Visibility  was 
poor  because  of  overcast  skies  and  light  fog  with  a  moderate  wind.  Strip  ice  was  present  along  the 
northern  edge  of  the  barrier  islands.  Aircraft  altitude  ranged  from  600-800  ft  (183-244  ml. 
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Table  B4.  Bowhead  whale  sightings  for  flight  32, 18  September  1979.  Perpendicular  distances 
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9,  Block  #3.  One  bowhead  whale  sighting  of  two  individuals  (table  B4), 
}p  was  made.  The  flight  was  cut  short  because  of  lack  of  fuel.  Visibility 
ti  calm  weather,  and  the  water  was  mostly  open.  Aircraft  altitude  ranged 
(274-305  m). 
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Flight  35,  20  September  1979,  Block  #2.  Seventeen  pinniped  sightings  for  a  total  of  71  individuals;  one 
sonobuoy  drop  was  made.  Visibility  was  excellent  with  calm  weather.  The  water  was  mostly 
open.  Aircraft  altitude  ranged  from  1000-1500  ft  (305457  m). 


Table  B6.  Bowhead  whale  sightings  for  flight  37-B,  24  September  1979,  Demarcation  Bay. 
Perpendicular  distances  are  included  only  for  those  sightings  used  to  calculate  the  density  estimate. 
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Table  B7.  Bowhead  whale  sightings  for  flight  39-A,  26  September  1979.  Perpendicular 
distances  are  included  only  for  those  sightings  used  to  calculate  the  density  estimate. 
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Flight  39-B,  26  September  1979,  Demarcation  Bay.  Fourteen  bowhead  whale  sightings,  for  a 
total  of  40  individuals  (table  B8),  were  made;  one  sonobuoy  was  dropped.  Visibility 
was  excellent,  with  a  light  northeast  wind.  The  water  was  mostly  open.  Aircraft  alti¬ 
tude  ranged  from  1000-1500  ft  (305-457  m). 
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Table  B9.  Bowhead  whale  sightings  for  flight  42,  8  October  1979.  Perpendicular  distances  are 
included  only  for  those  sightings  used  to  calculate  the  density  estimate. 


possible  sighting. 
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Table  BIO.  Bowhead  whale  sightings  for  flight  43,  1 1  October  1979.  Perpendicular  distances  are 
included  only  for  those  sightings  used  to  calculate  the  density  estimate. 


*0  -  original  sighting. 


Table  B12.  Bowhead  whale  signings  for  flight  45,  14  October  1979.  Perpendicular  distances  are 
included  only  for  those  sightings  used  to  calculate  the  density  estimate. 


No  of 
Whales 

Latitude.  N 

Longitude.  W 

Altitude, 
ft  lm 

Clinometer 

Angle. 

deg 

Heading. 

deg 

Sighting 

Status’ 

Perpendicular 
Instance, 
mi  1  km 

1 

70°38'30” 

1 48°00*30" 

500/ 1 52 

13 

O 

0.327/0.605 

1 

70°35'00" 

147°42'00" 

90 

O 

2 

70°35'00” 

147°42'42” 

800/244 

34 

90 

O 

1 

70°34'24" 

147°3T54” 

1200/366 

32 

71 

O 

i 

70°34’24" 

!47°3')-54" 

1 200/366 

23 

71 

O 

2 

7<)°33'54" 

147041'18" 

- 

O 

1 

70°34'36" 

147°48'0b" 

- 

- 

O 

1 

70°34'36“ 

I47°48'06“ 

_ 

252 

O 

70°33'12" 

I47°40  0Q" 

600/183 

48 

153 

O 

i 

70°34'J6" 

!47°44'12’' 

700/213 

16 

323 

0 

1 

70°36’24“ 

147°45'4S" 

900/274 

_ 

O 

1 

70°36'24" 

|47°45'48'' 

900/274 

19 

108 

O 

I 

70°36'24" 

147°45'48‘ 

900/274 

18 

133 

O 

■> 

70°36’I2" 

147u40’]8  ' 

700/213 

10 

153 

O 

i 

70°34'00” 

147°38'00” 

700/213 

29 

135 

O 

i 

70°33'00" 

I47°33'00" 

700/213 

1  ^ 

168 

O 

i 

70°35*30“ 

147°36’00’’ 

700/213 

. 

0 

i 

70°34’00” 

147°I7'I8-' 

600/183 

18 

33 

O 

0304/0.563 

t 

70°32'42" 

I47018’42-’ 

600/183 

12 

171 

O 

0.464/0.860 

l 

70°3r30" 

147°19’06” 

600/183 

60 

135 

O 

i 

70°3ri8’- 

1 47°  1 9*  1 2" 

600/183 

42 

315 

R 

l 

70°30’42" 

147°20'48" 

600/183 

10 

- 

O 

i 

70°3ri2" 

!47°1 1’36” 

600/183 

34 

133 

0 

] 

70o33'36" 

146°40W 

1000/305 

38 

121 

O 

0.211/0.390 

i 

70°23'00” 

146°1  1'48" 

800/244 

20 

344 

O 

0.362/0.670 

i 

70°23'42'’ 

140°12’30” 

800/244 

25 

l(-4 

O 

0.282/0.523 

i 

70°24’30" 

146°12'36” 

800/244 

10 

164 

O 

0.747/1 .383 

i 

70°29’24” 

147°I5’30” 

1400/427 

- 

003 

0 

l 

70°30’36" 

147°17'36” 

- 

_ 

O 

70°3r24” 

147°18’54" 

1100/335 

- 

- 

R 

l 

70o31'42" 

147°20’12" 

700/213 

39 

31 

R 

i 

70°3 1  ’42” 

147°20’I2” 

700/213 

32 

173 

R 

l 

70o31'42" 

147°20'12" 

700/213 

21 

- 

R 

i 

70°32’00” 

147°17’54” 

700/213 

12 

113 

O 

2 

70°30’54” 

)47°2048" 

800/244 

21 

355 

O 

Behavior /Com  ments 

Dove  in  open  track  in 
slush  ice 

Cow  and  small  calf. 
Cow  and  c  dt 

Big  adults  just  hanging 
in  the  water. 

Mad  :  a  1/2  circle  hack 
in  slush , 


Part  of  a  loose’) 
scattered  group  of  1. 
Part  of  a  loosely 
scattered  group  of 
Part  of  a  loosely 
scattered  group  of  i. 

Both  big.  one  following 
the  other  very  closely. 


Both  stationary  in  water. 

Part  of  loosely 
scattered  group. 

Part  of  loosely 
scattered  group. 

Part  of  loosely 
scattered  group. 


*0  -  original  sighting. 
R  possible  resighting. 


N 


LEGEND 

BOWHEAD  WHALE  SIGHTING. 
w  NUMBER  IN  CIRCLE  1C  NUMBER  OF  WHALES 

*  PINNIPED  SIGHTING 

★  POLAR  BEAR  SIGHTING 
□  SONOBUOY  DROP 

|  BOAT 


Flight  45,  14  October  1979,  Block  #1.  Thirty-five  bowhead  whale  sightings  for  a  total  of  44  individuals 
including  two  cow  and  calf  pairs  (table  B12);  five  sonobuoy  drops  were  made.  Dashed  line  indi¬ 
cates  a  refueling  break  at  point  J.  The  transect  was  resumed  at  point  N  and  run  backwards  until 
point  J  was  reached.  Weather  conditions  varied  from  snow  to  overcast.  Water  conditions  included 
solid  shorefast  ice,  pancake  ice,  slush  ice,  grease  ice,  and  open  water.  Aircraft  altitude  ranged  from 
420-1000  ft  (128-305  m). 
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Flight  46,  15  October  1979,  Block  #1.  Three  bowhead  whale  sightings,  for  a  total  of  three  individuals  (table 
B13);  six  sonobuoy  drops  were  made.  Occasional  snow  flurries  were  present  with  overcast  skies; 
visibility  ranged  from  very  good  to  poor.  Water  conditions  included  solid  ice  with  holes,  pancake 
ice,  slush,  grease  ice,  and  open  water.  Aircraft  altitude  ranged  from  600-1000  ft  (183-305  m). 


I 


*0  original  sighting. 


Flight  48,  16  October  1979,  Block  #1.  Seven  bowhead  whale  sightings,  for  a  total  of  1 1  whales,  including  a 
cow  and  calf  pair  (table  B15);  nine  pinniped  sightings,  totalling  10  individuals;  four  snnobuoy 
drops  were  made.  Visibility  ranged  from  excellent  to  poor  because  of  snow  storms.  The  solid  ice 
near  shore  was  starting  to  raft;  pancake,  slush,  and  grease  ice  covered  most  of  the  area.  Aircraft 
altitude  ranged  from  800-1000  ft  (244-305  in). 


Table  B16.  Bowhead  whale  sightings  for  flight  49,17  October  1979.  Perpendicular  distances  are 
included  only  for  those  sightings  used  to  calculate  the  density  estimate. 


October  1979,  Block  #1.  Two  bowhead 


Table  B17.  Bowhead  whale  sightings  for  flight  51,18  October  1979.  Perpendicular  distances  are 
included  only  for  those  sightings  used  to  calculate  the  density  estimate. 
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Flight  53, 19  October  1979,  northwest  of  Block  #1.  Nineteen  bowhead  whale  sightings  for  ? 

total  of  32  individuals  (table  B18);  128  pinniped  sightings,  for  a  total  of  320 
individuals  ;  one  sighting  of  1 5  to  20-plus  beluga;  five  sonobuoy  drops  were  made. 
Visibility  was  good  under  overcast  skies.  Thin  but  solid  ice  with  holes  and  leads 
existed  over  most  of  the  area.  Aircraft  altitude  ranged  from  300-1000  ft 
(91-305  m). 
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!3  October  1979,  Block  #1.  One  pinniped  sighting,  two  sonobuoy  drops  were  made.  A  very  strong 
easterly  wind  helped  provide  excellent  visibility,  and  had  pushed  the  ice  westward,  opening  the 
water  in  the  northeast  quadrant.  Aircraft  altitude  was  800  ft  (244  m). 


October  1979,  Block  #2.  No  sightings  were  made;  one  sonobuoy  was  dropped.  Excellent 
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Flight  60,  27  October  1979,  northwest  of  Block  #1.  No  sightings  were  made;  one  sono- 
buoy  was  dropped.  Visibility  ranged  from  excellent  to  fair  because  of  fog 
patches.  The  ice  was  solid,  with  holes  and  large,  slushy  leads.  Aircraft  altitude 
ranged  from  800-1000  ft  (244-305  m). 
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October  197*3.  Block  -1 .  Four  pinniped  sightings,  for  a  total  of  four  individuals;  one  sonobuov 
i  was  made.  Visibility  ranged  from  very  good  to  poor  because  ot  tog  patches.  The  ice  was  solid, 
the  holes  and  leads  narrowing.  Aircraft  altitude  was  500  tt  (152  m ). 
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Flight  63,  29  October  1979,  Blocks  #1  and  2.  Seven  pinniped  sightings  were  made.  Visibility 
began  as  excellent,  with  bright  sunshine,  and  faded  to  good  and  fair  because  of  fog 
formation.  The  ice  was  solid,  with  small  pressure  ridges  forming.  The  holes  and 
leads  continued  to  narrow.  Aircraft  altitude  ranged  from  500-700  ft  (152-213  m). 
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Right  64,  30  October  1979,  Point  Barrow  vicinity.  No  sightings  were  made.  Visibility 
ranged  from  good  to  fair,  with  gusting  winds  and  blowing  snow.  The  ice  was 
very  solid,  with  some  offshore  leads  open.  Aircraft  altitude  ranged  from 
300-600  ft  (91-183  m). 
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NAVAL  (X  I  AN  SYSTEMS  (  I  N  TER 
San  Diego.  California  92152 
12  March  1 9X1 


NOSC  Technical  Document  314 

AERIAL  SURVEYS  OF  BOWHEAD  WHALES.  NORTH  SLOPE,  ALASKA.  February  19X0. 
by  DK  Ljungblad,  MF  Platter- Rieger,  and  FS  Shipp,  Jr. 


LITERATURE  CHANGE 


The  report.  Aerial  Surveys  of  Bowhead  Whales.  North  Slone.  Alaska.  NOSC  Technical 
Document  314,  has  been  found  in  error  with  respect  to  density  estimation.  The  errors  pri¬ 
marily  concern  pages  23  to  35.  Disregard  ill  inferences  of  bowhead  whale  density  estimates, 
generated  from  these  pages,  in  the  abstract,  text,  and  summary. 

These  errors  were  noticed  after  the  sighting  data  were  re-evaluated. 

Methodology  for  the  revised  density  estimate  was  taken  from  Burnham  et  al  ( 1980). 

A  complete  description  of  the  survey  technique  is  provided  in  the  original  report,  NOSC 
Technical  Document  314  (Ljungblad  et  al  1980). 

The  correct  density  estimate  is  as  follows:  ]_7  whales  may  be  present  in  the  study 
area  which  includes  the  Joint-State-Federal  lease  area,  at  any  time  during  the  10  day  period 
of  8  October  to  17  October.  This  period  represents  peak  migration  during  the  fall  of  1979. 

The  95%  confidence  interval  for  the  density  estimate  is  14  to  21  whales. 


Note:  Extensive  revision  to  correct  errors  in  text  was  accomplished  by  DK  Ljungblad 
and  Clark  S.  Winchell  of  CSC. 
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NOSC  Technical  Document  314  (TD  3 14) 

AERIAL  SURVEYS  OF  BOWHEAD  WHALES,  NORTH  SLOPE,  ALASKA,  by  DK  Ljungblad, 
MF  Platter-Rieger,  and  FS  Shipp,  Jr.,  February  1980 

LITERATURE  CHANGE 

1 .  On  page  33,  under  the  heading  CONCLUSIONS,  the  second  sentence  of  paragraph  1 
should  be  changed  to  read  as  follows: 

“In  the  spring,  the  lease  area  is  icebound  and  it  is  known  that  bowhead  whales  use 
offshore  lead  systems  as  migration  routes.” 


